Abstract Metabolic syndrome (MetSyn) is related to an increased risk for type 2 diabetes and cardiovascular disease. Smokers are at greater risk than nonsmokers of becoming insulin resistant and to develop cardiovascular disease. This study aimed to explore the association between cigarette smoking, MetSyn and its components among Puerto Rican adults. A representative sample of 856 persons aged 21-79 years from the San Juan Metropolitan area participated in this study. Demographic and lifestyle characteristics, including smoking habits, were gathered from a self-reported questionnaire. MetSyn was defined according to the revised NCEP-ATP III criteria and measured using biochemical measurements and anthropometric indices. Logistic regression models were used to estimate prevalence odds ratios (POR) and its 95 % confidence intervals (CI). MetSyn was significantly (P \ 0.001) more prevalent in former smokers (48.4 %) as compared to current (42.7 %) and never smokers (40.0 %). However, after adjusting for possible confounders, current smokers who used more than 20 cigarettes per day were 2.24 (95 % CI = 1.00-4.99) times more likely to have MetSyn as compared to never smokers. Heavy smokers were also more likely to have high triglyceride levels (POR = 2.22, 95 % CI = 1.12-4.38) and low HDL-cholesterol levels (POR = 2.49, 95 % CI = 1.28-4.86) as compared to never smokers. This study supports previous reports of an increased risk of MetSyn among current smokers, particularly those with a heavier consumption. Tobacco control strategies, such as preventing smoking initiation and disseminating evidence-based cessation programs, are necessary to reduce the burden of MetSyn in Puerto Rico.
Introduction
Metabolic syndrome (MetSyn), a condition characterized by abdominal obesity, dyslipidemia, elevated blood pressure, and hyperglycemia, has become one of the major public health challenges worldwide [1] . This syndrome increases the risk of developing type 2 diabetes and cardiovascular disease and is correlated with all-cause mortality [2, 3] . Also, accumulating evidence supports the notion that MetSyn is linked to various types of malignancies [4] . The pathogenesis of MetSyn is multifactorial, but the major underlying risk factors are obesity and insulin resistance [5] . Certain demographic characteristics and lifestyles, including smoking, have been identified as important modifiable risk factors for MetSyn and its individual components [6] .
Cigarette smoking is a strong risk factor for atherosclerosis and cardiovascular disease in a dose-dependent relation [7] . Smoking has been reported to lower highdensity lipoprotein cholesterol (HDL-C) and to increase low-density lipoprotein cholesterol (LDL-C) and triglycerides [6] . Also, smokers are at greater risk of developing insulin resistance [8, 9] and subsequently diabetes than nonsmokers [10] [11] [12] . Therefore, smoking may also be considered as an important modifiable risk factor for MetSyn [13] , supporting the need for intensified smoking cessation programs for patients with MetSyn or its individual components [14] .
In the United States (US), MetSyn is highly prevalent with an age-standardized prevalence of 34.0 % among adults aged 20 years and older [15] . Nevertheless, the prevalence varies by racial/ethnic groups and gender, being more prevalent among Mexican Americans. Forty percent of Mexican American women have MetSyn, a higher prevalence than the reported for non-Hispanic White (31.5 %) and non-Hispanic Black (38.8 %) women. MetSyn is also more prevalent among Mexican American men (33.2 %) than in their non-Hispanic Black counterparts (25.3 %). Interestingly, MetSyn prevalence estimates are as high as 50 % for Puerto Ricans elders living in Massachusetts [16] . It is also well known that for certain health conditions associated with MetSyn, such as overweight and obesity, Hispanics bear a disproportionate burden, and they experience more age-adjusted years of potential life lost before the age of 75 years (per 100,000 people) for stroke and diabetes when compared to non-Hispanic Whites [17] . Despite the existence of multiple Hispanic subgroups in the US, the age-adjusted prevalence of MetSyn has been estimated only for Mexican Americans [15] and the majority of epidemiologic research among Hispanics has focused primarily on the same group [18] . Thus, examining the burden of a disease by aggregating data of different Hispanic groups or not taking into account one of them may obscure variations in health outcomes due to differences in demographics, lifestyles, and cultural factors [19] .
A recent population-based study conducted in the San Juan Metropolitan Area, Puerto Rico showed that 42.1 % of adult men and 36.4 % of women have MetSyn [20] . These age-adjusted prevalence's are higher than the reported for other racial/ethnic groups in the US [15] . These findings are consistent with previous observations that Puerto Ricans are more affected by diabetes than are other racial/ethnic groups [17, 21, 22] . Health behaviors, such as smoking, and health outcomes, such as MetSyn, vary considerably among Hispanic groups [15, 17, 20] . To date, the relationship between cigarette smoking and MetSyn has not been studied in depth for Puerto Rican islanders. Given the high burden of diabetes and MetSyn in Puerto Rico, we aimed to study the association of cigarette smoking with MetSyn and its individual components in a sample of Puerto Rican adults.
Methods

Participants
The study population consisted of 856 adults aged 21-79 years, who participated in a population-based crosssectional study conducted from 2005 to 2007 in the San Juan Metropolitan Area of Puerto Rico [20] . The sampling frame was based on Census tracks maps, and the sampling procedure was a cluster design for household surveys [23] . A three-stage sampling design was used as described elsewhere [20] . All individuals aged 21-79 years from each selected household were eligible to participate in the study and asked to undergo a personal interview, physical exam, and biochemical measurements.
Data Collection and Measures
Adults who consented to participate in the study were instructed to fast for at least 8-12 h before their morning appointment in a mobile examination center located near their homes. A questionnaire that collected demographic and lifestyle characteristics was administered. Information on age, sex, education level, annual family income, and health insurance coverage was collected. Information on participants' smoking habits was also obtained. Participants were considered current smokers if they reported having smoked at least 100 cigarettes during their lifetime and were still smoking [24] . Information on daily cigarette consumption was used to define the amount of cigarettes smoked per day (1-9, 10-19, C20) among current smokers. Former smokers were defined as those who had previously smoked 100 or more cigarettes and have stopped smoking. Participants who reported having at least one drink of any type of alcohol during the past 30 days were considered current drinkers. Respondents were classified as meeting national guidelines on physical activity if they reported participation in moderate-intensity activities for 30 min on 5 days per week or vigorous-intensity for at least 20 min on 3 days per week [25] .
MetSyn was defined based on the American Heart Association/National Heart, Lung, and Blood Institute revised definition of the NCEP-ATP III report [5] . According to this definition, participants with three or more of the following five criteria have MetSyn: (1) abdominal obesity determined by elevated waist circumference (C40 inches in men and C35 inches in women); (2) elevated triglycerides (C150 mg/dL) or on drug treatment for hypertriglyceridemia; (3) reduced HDL-C (\40 mg/dL in men and \50 mg/dL in women) or on drug treatment for reduced HDL-C; (4) elevated blood pressure (systolic blood pressure C130 mm Hg or diastolic blood pressure C85 mm Hg) or on antihypertensive drug treatment; and (5) elevated fasting glucose (C100 mg/dL) or on drug treatment for elevated glucose.
Anthropometric measurements were evaluated for height, body weight, and waist and hip circumferences. Waist circumference was determined with a measuring tape at the high point of the iliac crest at minimal respiration. A Cardinal Detecto digital scale (Cardinal/Detecto, Webb City, MO) was used to measure current body weight in kilograms, and a portable Seca stadiometer (Seca Corporation, Hanover, MD) was used to determine height in meters. Body mass index (BMI) categories were defined as underweight (\18.5 kg/m 2 ), normal (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ), and obese (C30.0 kg/m 2 ). Three blood pressure measurements were taken 10 min apart using an appropriate cuff size and a standard aneroid sphygmomanometer. Blood pressure status was based on the average of the three measurements. Fasting blood samples were collected, centrifuged, refrigerated at the mobile examination center, and transferred in iceboxes to a local reference laboratory on the day taken for analyses. Concentrations of total cholesterol, triglycerides, HDL-C, and fasting plasma glucose were determined using commercial enzymatic colorimetric kits (Bayer Diagnostics, Tarrytown, NY). The study was approved by the Institutional Review Board of the University of Puerto Rico Medical Sciences Campus.
Statistical Analysis
Age-adjusted means and percentages were used to characterize the study population. Chi-square statistics were generated to compare the distribution of MetSyn and its individual components across smoking status. Analysis of variance was used to compare continuous variables according to smoking categories. Multiple-comparison procedures for linear contrasts were used to assess differences between age-adjusted means. Logistic regression models, with the use of the generalized estimating equations, were constructed to estimate the prevalence odds ratios (POR) with 95 % confidence. The parameters estimation of this model was done using the generalized estimating equations in order to control for the intra-class correlation among subjects of the same block. A sandwich estimate of variance was used to determine the standard errors of the logistic regression parameters [26] . All possible first-order interactions in the logistic model were assessed with the use of the likelihood ratio test. Separate multiple logistic regression models were run to evaluate the association of cigarette smoking status with MetSyn and its individual components after adjusting for covariates. All analyses were performed incorporating the sampling weights to obtain unbiased estimates from the complex sampling design using Stata 10.0 (StataCorp, College Station, Texas).
Results
Sixty-one percent of the participants had never smoked, 18.8 % were former smokers, and 20.0 % currently smoke ( Table 1) . The majority of current smokers were women (P \ 0.001), younger than never and former smokers (P \ 0.001), and they had the lowest annual family income (P = 0.008) and health insurance coverage (P \ 0.001). This group also had the highest percentage of current drinking (P \ 0.001) but they were the most physically active group (P = 0.002) and had the lowest mean BMI (P = 0.047). Former smokers had the highest prevalence of abdominal obesity, elevated triglycerides higher blood pressure, and increased fasting glucose (P \ 0.001). Low HDL-C was more prevalent in current smokers (P \ 0.001). MetSyn was more prevalent in former smokers overall (P \ 0.001). The same result was observed after being stratified by gender: MetSyn was more prevalent in men who were former smokers (56.7 %, P = 0.03) than current (43.7 %) and never smokers (39.1 %); and more prevalent among women who were former smokers (53.5 %, P = 0.01) as compared to current (31.0 %) and never smokers (42.2 %) (Data not shown).
Mean concentrations for triglycerides, glucose, systolic and diastolic blood pressures, and waist circumference were significantly higher (P \ 0.05) in former smokers when compared to never smokers (Table 2 ). Compared to current smokers that smoked 1-9 cigarettes daily, former smokers had higher mean concentrations of triglycerides, glucose, and systolic blood pressure (P \ 0.05). Waist circumference was significantly higher (P \ 0.05) in former smokers when compared to current smokers that smoked 1-9, 10-19, and C20 cigarettes daily.
In logistic regression models, simultaneously adjusting for sex, age, education, health insurance coverage, current alcohol consumption, physical activity and BMI, no significant differences were observed in the occurrence of MetSyn between former and never smokers (Table 3) . Although the odds ratio of MetSyn increased with the number of cigarettes smoked per day, the difference with never smokers was significant only among those who smoked C20 cigarettes per day (POR = 2.24, 95 % CI = 1.00-4.99). This group of heavy smokers were also more likely to have high triglyceride levels (POR = 2.22, 95 % CI = 1.12-4.38) and low HDL-C levels (POR = 2.49, 95 % CI = 1.28-4.86) as compared to never smokers. Former smokers who quit between 11 and 20 years ago were 2.42 more likely (95 % CI = 1.07-5.49) to have MetSyn as compared to never smokers but no association was found for those who had stopped smoking B10 years ago and C20 years ago (Data not shown). There was a significant dose-dependent association between the amount of cigarettes smoked and high triglyceride levels (P for trend = 0.03) and a marginally significant dose-dependent association for low HDL-C levels (P for trend = 0.07).
Discussion
In this cross-sectional study, we observed that the prevalence of MetSyn was higher in former smokers than in current smokers both overall and after being stratified by gender. This finding is consistent with previous longitudinal studies [27] [28] [29] . It has been found that MetSyn remains for at least 10 years and over in people who smoked 20 or more cigarettes per day before quitting, and for over 20 years in those who smoked 40 cigarettes or more daily [29] . Research also has shown that people who quit smoking are likely to gain weight [30] . Indeed, the increase in the prevalence of overweight and obesity in the US has been attributed in part to smoking cessation [31] . The mechanism of weight gain after quitting smoking includes increased energy intake, decreased resting metabolic rate, decreased physical activity, and increased lipoprotein lipase activity [32] . Thus, the high prevalence of MetSyn in former smokers could be explained by the subsequent body weight gain after quitting [29] . An alternative explanation is that our findings are subject to reverse causation due to the cross-sectional design used. MetSyn was also more prevalent in men who were former smokers when compared to current smokers. This finding is in disagreement with previous research [33] [34] [35] but a recent study conducted among Japanese men found no difference in the prevalence of MetSyn among current and former smokers [36] . Nonetheless, in covariate-adjusted analysis, current smokers consuming at least 20 cigarettes per day were 2.24 times more likely to have MetSyn as compared to never smokers. This association could be explained by the strong observed associations between heavy smoking status (C20 cigarettes per day) and abnormalities in triglyceride and HDL-C levels. Our results showed a positive dose-dependent association between smoking and high triglyceride levels and a marginally significant dose-dependent association with low HDL-C levels, a finding that is also consistent with previous studies [8, 33, 34, 36, 37] . Heavy smokers use more lipids to sustain fasting resting energy expenditure than nonsmokers [30] . Then, if people quit smoking but do not decrease their lipid consumption, over time, the imbalance lipid intake and fat oxidation may cause an increase in body weight. Research has found that triglycerides are a risk factor for cardiovascular disease independent of HDL-C [38] . Also, an independent inverse association of HDL-C levels and ischemic coronary heart disease event rates has been documented [39] .
In our study, the overall prevalence of elevated fasting glucose was higher among former smokers than among current smokers, although we did not find an association between smoking and high fasting plasma glucose in the covariate-adjusted analysis. Our study also showed that smoking was not associated with abdominal obesity. This finding is consistent with previous studies [33, 34] but inconsistent with several others [10, 40, 41] . Cross-sectional studies have demonstrated that abdominal obesity is higher in smokers than in nonsmokers [41, 42] . Abdominal obesity is positively associated with the number of cigarettes smoked and pack-years of smoking [41] . In former smokers, abdominal obesity is negatively associated with the time since quitting [41] . The combination of a high waist to hip ratio with a low BMI, which some authors consider a ''paradox'', is also more frequent in smokers than in nonsmokers [42] .
In the covariate-adjusted analysis, no association between smoking and high blood pressure was found. Although it has been widely reported that smoking acutely increases blood pressure and may lead to hypertension [43, 44] , other studies have reported that blood pressure is lower in smokers than in nonsmokers [45] . Moreover, other studies have speculated about the effects of smoking on blood pressure on the basis of changes in blood pressure that were observed after smoking cessation. One of these studies reported that blood pressure rose after smoking cessation [46] , while others reported that smoking cessation had no clear-cut effect on blood pressure level [47, 48] . The strengths of this study include that the study population was a representative sample of Puerto Ricans adults living in the San Juan Metropolitan Area, and that the associations of interest were adjusted for relevant covariates. Also, other strength of this study is that the criteria used to define metabolic syndrome, based on the NCEP-ATP III, have shown a good concordance with other instruments, such as the International Diabetes Federation criteria [49] . However, potential limitations still remain in our study. First, the smoking status was based on selfreported information; thus, results are subject to misclassification bias. Second, an inherent limitation of a cross-sectional design is the inability to establish a temporal relation between smoking and MetSyn and its components. Nonetheless, our results are consistent with previous studies performed in other populations. Finally, the study did not measure the risk of developing MetSyn after smoking cessation because data on the number of cigarettes smoked before quitting was not collected. Nonetheless, this study adds valuable evidence to the literature on the association of cigarette smoking and MetSyn for a Hispanic group of homogenous origin like Puerto Rican islanders.
In conclusion, this study supports the view that the odds of MetSyn are greater in heavy smokers than in never smokers, and that this increased risk appears to be driven by abnormalities in triglycerides and HDL-C rather than the presence of high blood pressure, abnormal fasting glucose, or abdominal obesity. Further longitudinal studies are needed to elucidate the underlying mechanisms and the effect of smoking on MetSyn among Puerto Ricans. Tobacco control strategies in Puerto Rico must focus on the prevention of smoking initiation among young adults, as well as smoking cessation programs among smokers, in order to reduce the burden of MetSyn, its individual components and of their related comorbidities. Systemlevel changes must take place to integrate the identification of smokers and the dissemination of evidence-based cessation treatments into the routine delivery of health care with a more proactive approach with those at risk of developing MetSyn.
